Summary.-As an extension of an earlier study covering the 8-year period (t1), the incidence of cancer in black gold miners over a second 8-year period, 1972-79 (t2) (Harington et al., 1975) considered the spatial and temporal patterns of the 4 most common sites of cancer recorded among black gold miners drawn from homes in 11 territories in an 8-year period (1964-71) (t1). The present study looks at the same 4 sites of cancer in the same mining population during the following 8-year period (1972-79) (t2). The 4 commonest sites during the earlier period (tl) (in rank order, primary liver, oesophagus, respiratory system and bladder) comprised 75'1% of all cancers.
respiratory system 112% and bladder cancer 2.7%. Analysis of these 4 common cancers by country or region of origin of the miners confirms for the most part the patterns of incidence found in the earlier survey and consolidated rates are therefore presented for the full 16-year period, 1964-79 (t3 ANALYSES PUBLISEED in 1975 (Harington et al., 1975) considered the spatial and temporal patterns of the 4 most common sites of cancer recorded among black gold miners drawn from homes in 11 territories in an 8-year period (1964-71) (t1) . The present study looks at the same 4 sites of cancer in the same mining population during the following 8-year period (1972-79 ) (t2). The 4 commonest sites during the earlier period (tl) (in rank order, primary liver, oesophagus, respiratory system and bladder) comprised 75'1% of all cancers.
These 4 sites during the t2 period made up 79'1 % of all cancers but 3 other sites (stomach, 4.0%; leukaemia, 2.9% and pancreas, 2.9%) have now displaced bladder from its previous fourth to seventh place in rank order (Fig. 1) .
METHOD AND DATA
A detailed account of the methods used and of the sources and limitations of the data have been published in the earlier paper (Harington et al., 1975) , which described such important aspects as the areas of recruitment of the population at risk (with a map), the medical screening of the miner recruits, problems of diagnosis and the analytical methods used in the study. One of the inherent and unavoidable difficulties in studies of this type has been the lack of information on ages both for the population at risk and for the cancer patients. However, details of the ages of miners from Mozambique have now become available and it has become possible to determine truncated age-standardized incidence rates for this one group.
The rates presented for the other territories are crude incidence rates but since the miners are drawn from the adult working population with no new entrants accepted over the age of 40 it was estimated in the previous study that these crude rates are roughly equivalent to age-specific rates for the age group 25-35 (Harington et al., 1975) . The present population of miners may be slightly older because there is some evidence that re-employment is becoming more common (Potgieter, I., personal communication, 1981) .
The present study also improves upon the earlier one in that the home addresses of the miners from all 10 areas of recruitment were obtained by drawing [ During the 8-year period covered by the present survey marked changes in the origin of miners are apparent (Table I) . For political and economic reasons the number of workers from South Africa itself has more than doubled and there have been some increases also from Lesotho, Botswana and Swaziland. These have been offset by a very large decrease in workers from traditional external countries of supply, especially from Mozambique, Malawi and other northern territories.
RESULTS

Spatial and temporal analyses by territories
The incidence of the 4 major cancers found in black gold miners from the 10 territories of recruitment over the period t2 is shown in Table II as crude rates per 100,000 man-years. Also shown are the numbers expected in terms of the crude rate of the total mining population and significant deviations of observed case numbers are indicated. As in the previous paper (Harington et al., 1975) , the Poisson distribution has been used to compare the number of cases observed with the number expected, to establish the significance levels of the differences between them, and these are shown at P < 0 05 and P < 0-01 levels. Compared to the earlier analysis of 11 territories, only 10 home areas are now shown. Owing to changes in the system of recording used by the Chamber of Mines, it Decr from Mozambique, has contributed substantially to the pronounced drop in the all miners' rate. All other miners (excluding those from Mozambique) have also experienced a slightly, but not significantly, reduced rate, from 9-6 to 8-6. In spite of the pronounced decrease of primary liver cancer in Mozambique between t, and t2, the rates for almost all other territories for t3 remain significantly lower than expected on a comparative basis (Table III) .
Although still having low rates, miners from Malawi and Orange Free State are the only areas to show an increase of rate, although not of a significant level.
Oesophageal cancer.-This is the second most frequently occurring cancer in the mineworkers and the crude rate has risen slightly to 6-2/100,000. (Table III) . Very little change was seen from t, to t2 in the overall rate for all miners (5-4 to 6.2). Rates of oesophageal cancer for the Orange Free State have increased significantly from 1-8 in t1 to 13-2 in t2. Natal miners are the only others showing an increase (6.9 in t1 to 12-1 in t2) although not at a significant level. Thus by t2 both Orange Free State and Natal miners had a crude rate almost the same as that for miners from the Cape which itself had remained virtually unchanged (Fig. 2) .
Cancer of the respiratory system.-This is taken here to include primary and second- Table IV for key to areas.)
ary carcinoma of the lung and bronchus (71 cases), carcinoma of the larynx (25 cases), trachea (2 cases) and antrum (3 cases). As before, they make up, after cancer of the liver and oesophagus, the third most common site among the miners, with a total of 101 cases in the period t2. In the full 16-year period, t3, this condition is significantly high in Natal, Transvaal and the Cape and low in Botswana, Lesotho, Malawi, Northern Territories and Mozambique miners. For this site of cancer no single area of recruitment has shown a significant increase from t1 to t2 although slightly increasing rates occur in 4 territories severally. The rate for all miners generally has increased significantly over the 16 years (Fig. 2) . Natal, which had previously and still has the highest rate, is the only territory to evidence any marked decrease. (Table IV; Fig. 3 ). Table IV also shows the truncated age-standardized rates which are extremely similar (r = 0-97, P < 0-001) to the crude rates. Fig. 3 indicates that the spatial distribution for t2 in Mozambique shows again significantly higher case numbers clustered in the eastern coastal areas, with the highest crude rate (Table IV and Fig. 3 ). There is a high correlation between the crude incidence rates for t2 and t3 (r=0-75, P<0-001 It was also now possible to analyse data about temporal change on an annual basis for primary liver cancer and cancer of the oesphagus (but the numbers of cases for the other cancers were too small). For each of these 2 cancers the annual crude rate was calculated for "all miners" together with that for the territory in which each of the 2 cancers predominantly occurred. Fig.  4 graphs Mozambique for primary liver cancer against year and the Cape area (mainly Transkei and Ciskei) for cancer of the oesophagus. Considering primary liver cancer, a remarkable drop of 48% in crude rates was found over the 11-year period, 1964 -74 (Bradshaw & Harington, 1976 . By 1979 the rate was 62% less than the original rate found in 1964 (80.5) (Fig. 4) . The most striking feature of the t2 analysis is that when the 4 administrative units (each consisting of 6-7 magisterial districts) are considered, the only area of significance lies in the low case numbers found in Pondoland. The Transkei Unit is no longer significantly higher than expected as it had been in ti. In the second period, t2, no individual magisterial district approached significance, either higher or lower than the norm. This indicates that the distribution of the disease had become more even and more widespread over the country as a whole. No longer does one see the marked contrast between areas of high and low intensity, so characteristic of t1 (Harington et al., 1975) .
Analysis of the 1 6-year period of t3 shows that no change has taken place in the differences found earlier among the 4 administrative units. The Transkei Unit still has significantly more cases than expected while Pondoland has (signifi- Taking the magisterial districts in detail, significantly high rates are now found only for Nqamakwe and Umtata, while low case numbers appear in Tabankulu, Libode, Bizana and Lusikisiki, all in Pondoland in the north-east (Fig. 5) .
For oesophageal cancer in the whole Transkei homeland (Fig. 4) and Mt Frere (15.6 to 36.9). A decrease, but also not significant, was seen in one formerly high district, Tsolo, from 41-5 to 9-1 per 100,000. This increase in formerly low and decrease in formerly high incidence districts supports the finding of more even distribution of cancer in t2 than in tl.
Complementary distribution patterns (Table  VI) Taking a general view, there is some indication that liver and bladder cancer patterns are significantly similar (P < 0-002) and the same is possibly true for oesophageal and respiratory cancers and that the latter have a distribution (indicated by negative r values) inverse to the former 2 sites of cancer (see Table VI ). If this finding were confirmed from other data sets, it would provide scope for speculation about the local environmental conditions which might have caused such patterns of occurrence.
DISCUSSION
In the period t1 liver cancer cases from Mozambique had accounted for almost 70% of liver cancers found in the miners.
In the period t2 this dropped to 51.2%, with an overall figure of 62 8% for the full 16-year period, t3. This decline in liver cancer patients from Mozambique can be accounted for partly by what appears to be a real decrease in the incidence of disease in Mozambique and also by a marked decrease in the number of workers coming to the mines from Mozambique. There is some evidence too that re-employment in the mines is becoming more common. This would imply that the general age of the miners has been rising, and will be amenable to proof in future surveys. As primary liver cancer affects men at younger ages than the other sites under consideration (peak age 33-6 years in tl), this too could have contributed towards the decrease in the proportional frequency. The steep and continuous fall in the crude rate (80.5 to 30.8), a 62% decrease over the 16-year period, is one of the most remarkable features of the temporal analysis. The cause of this is not known but it could be due to some basic improvement in general living conditions or to improved food storage resulting in reduction of specific carcinogens or their promoting factors in the diet.
The spatial distribution of primary liver cancer still retains its original distinctive pattern of higher and lower rates in specific areas, both between territories and locally within Mozambique.
Natal remains the only other territory with a crude rate higher than the mean for the whole group.
Little is known of local temporal or 50 spatial fluctuations in incidence of endemic viral hepatitis-B in Mozambique, which may be of importance as a cause, co-factor or result of the induction of primary liver cancer (Kew et al., 1974 (Kew et al., , 1980 Alexander, 1980 Oesophageal cancer patients from the Cape accounted for 67% of the total in t1 and dropped to 62.6% in t2, with an overall figure of 65.4% in t3. As indicated, this has happened because the disease is occurring more evenly within Transkei and in areas other than the Cape. It seems that although it was first noticed among the Xhosa of the Cape, it is now occurring in most other black ethnic groups in South Africa.
In t, the ratio of oesophageal cancer to liver cancer in Cape miners was 1: 0-86; by t3 this changed to 1: 1-21, reflecting a drop in liver cancer in the Cape, whilst the crude rate for oesophageal cancer remained constant.
Cancer of the respiratory system is on the increase in South Africa, as shown by significantly higher rates in Natal, Transvaal and the Cape, with the Orange Free State having a high, though not significantly high rate. There is also a real increase in these rates since 1964-71 (Harington et al., 1975) . Unfortunately, no data on cigarette smoking among the miners are available. The above figures may suggest that the habit may be becoming more extensive, particularly among miners from South Africa itself.
Bladder cancer particularly in Mozambique shows an indication that it may, with primary liver cancer, be showing a real decrease.
The indication of certain sites of cancer occurring with either similar or inverse patterns in the 10 homelands from which the gold miners are recruited is being actively pursued both with other sites of cancer and with data sets from other localities.
